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Preliminary Characterization of the Protein Interaction of the Ras-
Related Protein RHEB and Tuberous Sclerosis 2 (TSC2)
Kyla M. Morris, Paul D. Adams.
Chemistry and Biochemistry, Uninveristy of Arkansas, Fayetteville,
AR, USA.
The Tuberous sclerosis complex (1 and 2) has been implicated in benign tumor-
igenesis in humans. TSC2 is the GTPase activating protein toward the Rheb,
and a number of mutations that are localized to the GTPase-binding domain
of TSC2 have been found in patients with tuberous sclerosis. This suggests
that altered interactions involving TSC2 with Rheb may signal activity leading
to the disease-state. As such, understanding the details of TSC2’s interaction
with Rheb is extremely important for future therapeutic approaches to be devel-
oped targeted at inhibiting abnormal RHEB signaling activity. Moreover, a
major challenge still facing the biomedical community is the limited availabil-
ity of therapeutic strategies to tackle this disease. As such, understanding the
details of TSC2’s interaction with Rheb is critical for future therapeutic ap-
proaches to be developed targeted at inhibiting over-active Rheb signaling
activity. Our central hypothesis is that there are unique molecular features of
the RHEB-TSC2 protein interaction that can be exploited, once known, to un-
derscore these proteins’ roles in abnormal biochemical cell signaling leading to
tuberous sclerosis. To this end, we have characterized the Ras-related RHEB
complexed to a truncated Tuberous sclerosis complex 2 (TSC2) wild type
construct, TSC2-218, and a single-point mutant of TSC2-218 using various bio-
physical and biochemical techniques. The characterization studies presented
highlight the potential importance of subsequent efforts to provide a detailed
characterization of the molecular features of the TSC2-218-RHEB protein-
protein interface.
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Today, comprehension of supersaturated phenomena in protein solution is
one of the most important issue. For example, elucidation of amyloid fibril
formation process which is known as a main causative agent causing Alz-
heimer disease[1] or bio-mineralization process of CaCO[2]. In a recent study,
molecular dynamics simulation (MD) for crystallization process of CaCO3
was conducted by A.F. Wallace et al[3]. They simulated that the supersatu-
rated solution has a local metastable state as a microscopic ion cluster
(we called nano supersaturated network). On the other hand, until now, an
experimental detection system for the nano supersaturated network has not
been established so far.
In our study, we utilized Diffracted X-ray Tracking (DXT) as a high time res-
olution (25ms) and high positional accuracy (-pm) detection system for the time
resolved dynamical interactions between a single gold nanocrystal(-80nm) and
localized prenucleation clusters as a nano supersaturated network at SPring-
8(BL40XU). For the target samples, we choose two samples that are the sodium
acetate trihydrate and lysozyme supersaturated solution as an inorganic and
protein solution system, respectively. From DXT result, we succeeded in
observing the localized high and low speed motions of gold nanocrystals inter-
acted with nano supersaturated protein’s networks. At this presentation, I
explain the DXT method and obtained physical parameters of nano supersatu-
rated networks in inorganic and protein supersaturated solution system from
DXT analysis. In finally, I present a comprehensive model of nano supersatu-
rated networks.
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Hepatic glucose phosphorylation by glucokinase (GK) is regulated by glucoki-
nase regulatory protein (GKRP). GKRP forms a cytosolic complex with GK
followed by nuclear import and storage, leading to inhibition of GK activity.This process is initiated by low glucose but reversed nutritionally by high
glucose and fructose or pharmacologically by GK activators (GKAs) and
GKRP inhibitors (GKRPIs). To study regulation of this process by glucose,
fructose-phosphate esters and a GKA, we measured tryptophan fluorescence
(TF) of human wild-type (WT) and GKRP-P446L (a mutation associated
with high serum triglyceride) in the presence of non-fluorescent GK with its
tryptophans mutated. Titration of GKRP-WT by GK resulted in a sigmoidal in-
crease in TF, suggesting cooperative protein-protein interactions (PPIs)
perhaps due to the hysteretic nature of GK. GK affinity for GKRP was
decreased and binding cooperativity increased by glucose, fructose-1-
phosphate and GKA, reflecting disruption of the GK/GKRP complex. Similar
studies with GKRP-P446L showed significantly different results compared to
GKRP-WT, suggesting impairment of complex formation and nuclear storage.
The results of this TF based biophysical analysis of PPIs between GK and
GKRP suggest that hepatic glucose metabolism is regulated by a metabolite-
sensitive, drug-responsive cooperative molecular switch, involving complex
formation between these two allosterically regulated proteins.
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There are a number of peptides implicated in the templating of silica morphol-
ogies in biological organisms. Biomimetic precipitation studies, aimed at
performing the same types of controlled silica precipitation under ambient con-
ditions, have shown that short amphiphilic repeats of leucine and lysine are able
to precipitate a variety of interesting nanostructures of silica. Specifically of in-
terest here is LKa14: Ac-LKKLLKLLKKLLKL-C, a synthetic alpha-helical
peptide, which has been shown to form a nanospherical coprecipitate with
silica. Furthermore, this peptide is known to preaggregate into a tetrameric
bundle in solution, with the leucine residues facing inwards to form a hydro-
phobic core. If this structure persists in silica, the observed morphology could
be governed by interactions between the silica and hydrophilic lysine residues.
Previous NMR-based structural studies, confirm that the peptide maintains the
alpha helical secondary structure in silica, and suggests that the aggregation is
maintained. Our goal is to use deuterium solid state nuclear magnetic resonance
(2H ssNMR) to establish how the changes in this local environment alter the
leucine side chain dynamics of selectively deuterium labeled LKa14. Specif-
ically, we hope to determine if the tetrameric bundle persists, by tracking
how the dynamics change going from the neat state, to buffered state, and,
finally, to the silica precipitated form. Fitting dynamic models of rotameric
and librational motion to the deuterium solid state NMR lineshapes allows us
to probe possible mechanisms of peptide pre-aggregation and subsequent silica
precipitation.
1105-Pos Board B56
Aggrecan: Unusual Polyelectrolyte Biophysics and Interactions Conferred
by the Bottlebrush Structure
Tiffany Omokanwaye, Preethi L. Chandran.
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Aggrecan is a negatively-charged proteoglycan with a bottlebrush structure
present in the cartilage matrix. Its chief function is to maintain a self-
repelling charged atmosphere within the cartilage matrix that attracts waters
and exerts a swelling pressure (Chandran and Horkay, 2011). In this study
we use Atomic Force Spectroscopy and Dynamic Light Scattering in comple-
mentary ways to study the polyelectrolyte biophysics of the aggrecan bottle-
brush. We describe how the bottlebrush dynamics and interactions depart
from that of linear polyelectrolytes, and discuss the implications for cartilage
diseases and tissue-engineering solutions.
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Many macromolecular machines inside the cell exhibit a ‘‘stacked ring’’ archi-
tecture, with multiple uniform-length rings of protein subunits bound to one
another. The majority of these machines must adopt their fully assembled qua-
ternary structure in order to function, making the assembly process vital for
cellular function and survival. The assembly of protein complexes containing
stable substructures has been shown to suffer from a type of kinetic trapping
that we term ‘‘assembly deadlock,’’ which occurs when smaller intermediates
are exhausted from the system before all of the fully functional structures have
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delays in reaching maximum complex assembly and a reduced final complex
concentration. While these plateaus have been extensively studied for simple
rings, the effect of assembly deadlock on more general structures like stacked
rings remains to be fully investigated. In this work, we focused on the case of a
stacked homotrimer; this structure contains both three- and four-member rings
as substructures, but is simple enough to allow for extensive investigation. Our
mathematical models revealed that this structure could suffer from extreme
deadlock that significantly reduces the efficiency of assembly. Using a compu-
tationally efficient simulation approach, we exhaustively analyzed the param-
eter space of self-assembly for this case, and found that the number and
duration of plateaus in the assembly dynamics depended strongly on the pattern
of affinities in this structure. Since these complexes are generally only func-
tional when fully assembled, we hypothesized that existing stacked ring archi-
tectures would evolve to utilize the most efficient assembly pathways predicted
by our models. Analysis of interfaces in solved crystal structures of stacked ho-
motrimers confirmed this prediction. Our findings have important implications
for understanding how assembly dynamics have influenced the structural evo-
lution of large macromolecular machines.
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Heat shock stimulates cellular production of protein folding chaperones. This
response is a reaction to, and likely triggered by, protein misfolding and
aggregation. Using a proteome-scale mass spectrometry screen for protein ag-
gregation upon heat shock in vivo, we found that many components of the
translational apparatus associate into high-molecular weight species. One
such component is the ternary yeast multi-tRNA synthetase complex (glu-
tamyl- and methionyl-tRNA synthetases Gus1 and Mes1 with their aminoacy-
lation cofactor Arc1). In vitro, the purified complex self-assembles in response
to the same temperature shift. Remarkably, the self-assembled aminoacylation
complex retains full activity toward tRNAMet. We found that assembly is
directed by the N-terminal glutathione-S-transferase (GST)-like domains that
mediate complex formation under non-shock conditions. Furthermore, the iso-
lated N-terminal GST-like domain of Gus1 suffices to induce the assembly,
and can be used to precipitate covalently-linked proteins. The phenomenon
is conserved in the N-terminal of Gus1 from a thermophilic fungus that self-
assembles near its heat shock temperature. Biophysical studies reveal only
modest structural secondary structure changes between the monomeric and
self-assembled states. These results indicate that this heat-triggered protein
assembly is distinguishable from large-scale misfolding and nonspecific aggre-
gation, and suggest a novel mechanism by which cells sense temperature
changes.
1108-Pos Board B59
Chromatographic Assay for Determining the Effects of Microenvironment
on Dimerization of Epithelial Cadherin K14E Mutant
Christopher S. Fox.
Chemistry and Biochemistry, University of Mississippi, Oxford, MS, USA.
The classical cadherin family is an extensively studied family of calcium-
dependent homophilic cell adhesion proteins, which includes epithelial cad-
herin (ECAD) and neural cadherin (NCAD). ECAD plays essential roles in
the formation and maintenance of epithelial tissues. The adhesive interface
lies in the first of five similar tandemly repeated extracellular domains
(EC1-EC5) and requires exchange of the N-terminal A-strand. The purpose
of the experiments presented here is to develop a simple assay for dimerization
using purified recombinant protein. A chromatographic assay has been devel-
oped for NCAD, which essentially involves trapping the protein in a dimeric
state thus significantly reducing the exchange rate between states. This allows
resolution of monomer and dimer peaks using size exclusion chromatography.
No equivalent assay for the study of ECAD dimerization has been established
until now. The K14E mutant of ECAD experiences slow exchange between
monomer and dimer, although the dimerization affinity is unchanged by the
mutation. Studies presented here establish a chromatographic assay for
ECAD dimerization affinity using the K14E mutant. Control experiments
demonstrate that equilibration requires 4 hours and dimerization occurs in a
calcium and protein dependent manner. This assay is useful for determining
the effect of microenvironmental factors that will influence dimerization by
ECAD in vivo.
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Extraordinary Stability of Domain 1 of Neural-Cadherin
Samantha Davila, Molly Edmondson, Susan Pedigo.
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Cadherins are transmembrane proteins responsible for calcium dependent cell-
cell adhesion. Classical cadherins have a common structure with five extracel-
lular domains, connected by a 7-residue sequence linker region. Cadherins
mediate adhesion via Adherens Junctions by forming a strand-swapped struc-
ture between identical protomers from apposing cells. The adhesive interface
has been characterized structurally, and biophysical studies have been used
to elucidate the forces that stabilize the strand-swapped structure. Upon
calcium binding, the swapping of the N-terminal strands between protomers
allows for the symmetrical docking of a tryptophan residue required for adhe-
sion. Fundamental questions still remain regarding the striking difference in the
calcium-dependent kinetics of dimerization between N- and E-cadherin. This
study compares the first extracellular domain of N-cadherin (NCAD1) and
E-cadherin (ECAD1). With NCAD1, the binding pocket for calcium is not
complete, so dimerization was not expected. However, we observed a dimeric
form that was not in exchange with monomer. This dimer was reversibly con-
verted to monomer by heating the protein. Noticeably, NCAD1 was found to
unfold at an uncharacteristically high temperature. Results for NCAD1
construct were similar to results for domain 1 in studies of the two-domain
construct, NCAD12. Similar studies of ECAD1 show that it is significantly
lower stability. In summary, our results indicate that the difference in kinetics
of dimerization may be due to a difference in the intrinsic stability of domain 1.
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Resin-Embedded Multicycle Imaging of Cells and Isolated Plasma Mem-
branes
Brad Busse, Paul Blank, Ludmila Bezrukov, Joshua Zimmerberg.
National Inst. of Health, Bethesda, MD, USA.
Studies of the plasma membrane protein organization have undergone
numerous advances; however, the large number of protein species involved
complicates their examination. One approach which has the ability to resolve
this complication is that of resin-embedded multicycle imaging (REMI), which
stabilizes protein structure and antigenicity while labels are removed and re-
placed, allowing an arbitrarily large number of proteins of interest to be imaged
in the same area. The implementation spearheading this technique is array
tomography, which is ideal for many applications, but certain organelles or
spatially restricted volumes of interest, such as the plasma membrane, present
considerable difficulty. We have developed a method by which cells or isolated
plasma membranes unroofed by osmotic shock can be embedded in thin films
of acrylic resin (LR White, Lowicryl), making their spatially dependent prote-
omic information amenable to repeated immunostaining and other methods of
analysis. Here we present our latest work in the development of this method.
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Spectroscopic Study of Full-Length Recombinant Proteoglycan 4
(rhPRG4): Self-Assembly and Interactions with Hyaluronan
Suresh C. Regmi, Tannin A. Schmidt.
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Proteoglycan 4 (PRG4) is a mucin-like glycoprotein present in synovial fluid
(SF) and at the surface of articular cartilage. It functions as a critical cartilage
boundary lubricant, both alone in a dose-dependent manner and synergistically
with the repeating disaccharide hyaluronan (HA). The mechanism of the
functional interaction with HA remains to be elucidated, but appears to be
non-covalent in nature and be dependent on PRG4 structure and assembly.
Furthermore, concentration of both PRG4 and HA, which can vary in disease,
may affect the interaction as well. Recently, full-length recombinant human
PRG4 (rhPRG4) has become available. The objective of this study was to char-
acterize aggregation of rhPRG4 and investigate its interaction with HA using
spectroscopic techniques.
Spectroscopic techniques including uv absorbance, fluorescence, and light scat-
tering, were employed to characterize the aggregation of rhPRG4 and interac-
tion with HA over a range of physiological concentrations. Various dilutions of
rhPRG4 in different buffers and their mixtures with different concentrations of
HA, with and without other physiological molecules, were examined. rhPRG4
was provided by Lubris.
UV absorbance and fluorescence spectroscopic data demonstrated concentra-
tion based aggregation and suggested a non-covalent linear aggregation of
rhPRG4 molecules with increasing concentration. However, multiple species
were also observed even at sub-physiological concentrations. Dynamic as
well as multi-angle light scattering techniques suggested presence of species
with various and large (~MDa) molecular weights. These techniques also
